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ABSTRACT
Sio, Timothy H., Master of Science, March 1980, Physical Education.
Evaluation of the Forest Service Fitness Calculator as a Predictor 
of Maximal Oxygen Consumption, ($2 pp.)
/Director: Dr. Brian Sharkey/
Aerobic fitness is highly related to job performance when extended 
periods of arduous physical labor are involved. Inexpensive nonlaboratory 
methods for the prediction of aerobic capacity are needed to make large 
scale testing programs practical. This two phase study evaluated the 
Forest Service Fitness Calculator as a predictor of maximal oxygen 
consumption (physical fitness). In Phase I, 28 women were tested for 
maximal oxygen consumption on a bicycle ergometer and the results of 
this test were compared with scores predicted via a submaximal step 
test and from a 1.5 mile run field test. Analysis of high, middle, 
and low fit groups indicated that the step test tended to overpredict 
those with scores above 37 ml/kg/min. Application of a correction 
factor resulted in a decreased correlation, increased standard error, 
and a decreased mean difference. These results indicated the need 
to seek another method for testing maximal oxygen consumption. In 
Phase II, 10 women were tested for maximal oxygen consumption via 
the bicycle ergometer and treadmill tests. The results of the maximal 
tests were compared with scores predicted by a submaximal step test.
Both maximal tests compared favorably with the best step and corrected 
step scores. The correction factor applied to the step test was found 
to be a valid indicator of fitness.
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Chapter 1 
THE PROBLEM 
INTRODUCTION
Physical Fitness
 ̂Physical fitness is highly related to job performance when extended 
periods of arduous physical labor are involved (1, 28). An individual's 
capacity for prolonged physical work depends largely upon his ability to 
take-in, transport, and deliver oxygen to working muscles. Physiologists 
agree that this capacity, maximal oxygen consumption, is the best measure 
of physical fitness (1, 3, 7, 9, 16, 21, 2h, 29).
Astrand, I. (1) found that an individual can work up to fifty 
percent of their maximal oxygen consumption for a whole working day. 
Wyndham (28) anticipated a high correlation between an individual's 
performance and his physical working capacity, that is, the higher the 
maximal ooqygen consumption, the more work that would be accomplished, 
but that was not the case. Other factors also affect the worker's 
performance; motivation, level of fitness, general health, age, and sex.
Direct Tests
Maximal o3ç̂ gen consumption can be measured via direct and predictive 
methods. Direct methods; include step tests (7, 29), bicycle tests (3),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and treadmill tests (13)* Direct maximal oxygen consumption testing 
requires that: a large number of muscles must be involved, the work 
load must be measurable and reproducible, the test conditions must be 
such that the results are comparable and respectable, the test must be 
tolerated by healthy individuals, and the mechanical efficiency 
required to perform the task should be as uniform as possible (28).
Predictive Tests
Step Test. Inexpensive nonlaboratory methods for the prediction 
of pl^sical fitness are needed to make large scale testing programs 
practical. In 19$h» Astrand and Fyhraing (2) Introduced a nomogram for 
the calculation of maximal oxygen consumption from pulse rate during 
a submaximal test. The step test consisted of stepping up onto and 
down from a bench at a rate of 22.5 steps per minute for a duration of 
five minutes. The fitness level was predicted from the pulse rate at 
the end of the test.
The Astrand-Ryhming Step Test is based on the following premises: 
(a) heart rate and oxygen consumption are linear functions of each 
other throughout the entire range of work up to the individual's 
maximum. Maritz (16) reported this premise to be true over most of 
the range of work rates, but at levels of work near the individual's 
maximum, the relationship departs sharply from linearity, so that the 
measured oxygen consumption is generally higher (.131 liters) than 
would be expected; (B) the oxygen consumption of the individual 
deviates very little from the line relating oxygen consumption and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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rate of work for the population, so that the oxygen consunqption for a 
task performed against gravity can be estimated with reasonable 
precision from the rate of work (16) j [̂ (C) the individual variability 
of maximum heart rate around the mean for the population is sufficiently 
small to use the mean in a routine test procedure without the 
introduction of large errors (16)71 The extrapolation to the predicted 
maximal heart rate is made by finding the slope of the heart rate- 
oxygen consumption line from measurements made during submaximal work.
An extreme variance of heart rate would significantly alter the 
predicted value • It is also important to note that submaximal pulse 
rates above 12$ beats per minute are used for the prediction (1).
This simplifies fitting the straight lines to the plots of heart 
rate-oaygen consumption and improves the accuracy of the prediction.
In the original Astrand and îfyhming study, a common point of 
60 beats per minute at zero oxygen consumption was used as the 
starting point between the heart rate and oxygen consumption 
relationship. Wyndham et al. (29), did not fully support this 
assumption. Wÿndham found no significant difference in the oxygen 
consumption of twenty-six men at rest but that there were very 
significant differences in their resting heart rates, thus questioning 
the use of the common point as part of the nomogram. Maritz (16) 
suggested that fitting a line by least squares to the plots of four 
pairs of heart rate and maximal oxygen consumption scores at four 
rates of work, instead of starting the plots at a common point.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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would increase the accuracy of the Astrand-Ryhming nomogram, Maritz 
found a standard deviation of .51 liters using the least squares method 
compared to .73 liters using Astrand's method. He concluded that the 
least squares method would increase the accuracy of prediction.
Post Exercise Pulse. The field test adaptation of the Astrand- 
Ryhming nomogram requires that exercise pulse rate measurements be 
eliminated and post exercise pulse rates are used in their place. 
Sharkey (23) found a correlation coefficient of .?8 (n=25) for a post 
exercise pulse taken thirty to forty-five seconds after a work bout 
and a correlation coefficient of .68 (n~79) for a post exercise pulse 
taken fifteen to thirty seconds after a work bout.
Validity of Suhmaximal Tests. Astrand and Ryhming (1) reported an 
error of ten percent in comparing the actual and predicted maximal 
oxygen consumption using the bicycle ergometer. Maritz (16) found that 
maximal oxygen consumption could be calculated within a six percent 
error by using the Astrand-Ryhming predictive methods. He arrived at 
this conclusion by plotting the four pairs of heart rate-oxygen 
consumption rates at four different work loads using the least squares 
method to define the relationship.
deVries (9) found a correlation of .7U when comparing the nomogram 
predicted values with measured maximal oxygen consumption. The 
measured mean oxygen consumption was 3.87 1/min and the predicted mean 
was 3.59 1/min.
Sharkey (22) reported a correlation coefficient of .5U between
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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actual and predicted scores using the Astrand-Ryhming nomogram.
Glassford et al. (10) compared three direct methods of 
measuring maximal oxygen consumption with the Astrand-Ryhming nomogram 
and arrived at a correlation of .65 using the Astrand-Ryhming bicycle 
test.
1.5 Mile Run. In 1963, Balke used runs of twelve to twenty 
minutes to predict fitness. He found a linear relationship between 
running velocities and oxygen consumption per unit of body mass.
In 1975J Sharkey combined data from Balke (6), Cooper (?), and 
Daniels (22), to develop a graph to predict maximal oxygen consumption 
from 1.5 mile run times. The graph was adjusted for testing at 
altitudes above 5,000 feet and was designed for the testing of both 
males and females.
Forest Service Fitness Test
The Forest Service Fitness Test was originally conceived as a 
method for selecting fit workers from those who volunteer for seasonal 
fire fighting duties. A laboratory test requiring a maximal effort 
would be too costly, time consuming, and strenuous for potential fire 
fighters whose level of fitness was in doubt. A submaximal test 
requiring a minimum of time and money would be more appropriate for 
the need of the Forest Service.
In 1965, a Fitness Calculator based on the Astrand-Ryhming procedure 
was developed by Sharkey in cooperation with the Forest Service Equipment
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Development Center in Missoula, Montana (23)* Initially developed for 
the selection of male fire fighting personnel, the fitness test was 
adapted for women from a small study sample in 1968. This adaptation 
was never validated. During the 1973-7h fire season, the California 
region of the K"orest Service adopted the test and fitness standards 
for fire fighters. In 197$, several federal agencies adopted the test 
as a requirement for employment.
STATEf'ENT OF THE PROBLEM
Purpose
The purpose of this study was to determine the validity of the 
Forest Service Fitness Test as a predictor of maximum oxygen 
consumption values for college women. The bicycle ergometer maximal 
oxygen consumption test was the criterion to which the predictive 
test was compared. The Forest Service Test was also correlated to the
1.5 mile run since both are used by the Forest Service and other 
agencies. The 1.5 mile run is used as an alternate to the step test 
to test young active subjects.
Significance of the Problem
Fire fighting personnel hired by the Forest Service must meet 
certain minimum physical requirements in order to perform their job 
without endangering their lives and those of fellow fire fighters.
V/hile the basic test procedure has been validated, the 1966 fitness test 
adaptation for women vas never validated (l). There was a need to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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evaluate the fitness test adaptation to assure the Forest Service and 
female employees that their criterion for hiring was a fair and an 
accurate predictor of fitness.
This study was undertaken under the terms of a cooperative research 
agreement between the University of Montana Human Perforftiance Laboratory 
and the United States Forest Service Equipment Developrrient Center in 
Missoula, Montana,
DEFINITIONS
Bicycle Ergometer Maximal Oxygen Consumption Test.-This test is a direct 
maximal test that requires a subject to pedal the ergometer to exhaustion 
while oxygen consumption is measured.
Fitness Calculator.-The Fitness Calculator predicts aerobic fitness from 
age, weight, and post-test pulse following a step test.
Maximal Oxygen Consumption.-The maximum ability to take-in, transport, 
and use oxygen. It is considered the best measure of overall fitness. 
Treadmill Maximum Oxygen Consumption Test.-This test is a direct maximal 
test that requires a subject to walk or run to exhaustion on the 
treadmill while OTQrgen consumption is measured. Maximal values may be 
attained by varying the speed and/or grade of the treadmill.
Step Test.-This is an indirect submaximal test used to predict aerobic 
fitness. The test consists of a five minute work period with a fifteen 
second post-exercise pulse rate taken fifteen seconds after the test.
1.5 Mile Run.-This is an indirect maximal test used to predict fitness 
from the time of performance in the run.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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PHASE I
Subjects
The subjects were twenty-eipht female volunteers from health and 
physical education classes at the University of Montana. Prior to 
testing, they were informed of the purpose of the study. Informed consent 
was obtained from each subject. Subjects ranged in age from 18 to 2U years 
with a mean of 20.3 years. Height ranged from 1$^.9 to 172.7 cm with 
a mean of l63.b* Weight ranged from 51.3 to 69.9 kg with a mean of 
59.5* The physical characteristics of these subjects can be found in 
Appendix A.
STEP TEST
The equipment for this test included; bench (33cm), metronome, 
stopwatch, chair, and scale.
Procedure
Subjects were requested to refrain from eating, drinking, smoking, 
or engaging in abnormal or strenuous exercise for a period of one hour 
prior to the test. Each subject was weighed and instructed to sit 
quietly for a period of five to ten minutes. She was informed of the 
procedure and some of the variables that could effect the test scores.
8
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A pre-test pulse was taken to determine if the subject was sufficiently 
relaxed to continue the test. The subject was instructed to breath 
normally throughout the test period. The metronome was set at a rate 
of ninety beats per minute.
The subject stepped up onto the bench and back down to the floor in 
time with the metronome for five minutes. Following the five minute 
test period the subject was seated and the pulse rate was taken for 
fifteen seconds after the test ended. The predicted maximal oxygen 
consumption was found by dialing the body weight, post-test pulse rate, 
and age into the Fitness Calculator. (See Appendix M)
Comments
Step test scores may be affected by a variety of variables that 
may reduce the accuracy of prediction. Effort must be made to control 
and observe; room temperature (18 to 20 degrees centigrade is preferable),^ 
time between subjects last meal and the test (several hours), and 
general health of the subject at the time of the test (25). It is 
advisable to administer submaximal and maximal tests on separate days. 
Anxiety and anticipation could cause an increase in heart rate, reducing 
the accuracy of prediction^ if the submaximal test is given immediately 
before the maximal test. [ The literature recommends that at least two 
trials be given in order to arrive at an accurate prediction (3)
Fifty percent of the subjects in this study (n=2G) improved their 
score on the second trial. A third step test may have been advisable.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1.5 MILE RUN
The equipment for this test included a stopwatch and indoor track 
(ten laps to a mile).
Procedure
The subjects were instructed to put forth their best effort. Subjects 
were given verbal encouragement, time per lap, and laps remaining during 
the test. Following the run, the time was recorded and converted to 
a fitness score using the graph presented in Appendix K.
BICYCLE ERGOMETER MAXIM\L OXYGEN CONSUMPTION TEST
The equipment for this test included; a Technology Incorporated 
Model 1000 - Oxygen Consumption Computer, a Monark bicycle ergometer, 
mouthpiece, airhose, noseplug, metronome, and stopwatch.
Procedure
The subject adjusted the seat height of the bicycle ergometer to 
permit a minimum of discomfort and allow for an almost full extension 
of the leg. The subject was then fitted with a mouthpiece and airhose 
that attached to the oxygen consumption computer, and noseplug, and 
was allowed to warm-up for one to two minutes. The metronome was set 
at a rate of 58 rpms with the bicycle ergometer set at a workload 
of 360 kpms. Before beginning the actual testing the subject was 
informed of the iirportance of achieving as high a workload as possible.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The subject pedalled at a rate of $8 rpm for two minutes at each 
workload. The carotid pulse and oxygen consumption were recorded 
during the second minute of each workload. At the end of the second 
minute there was a 180 kpm increase in workload followed by the same 
procedure for subsequent workloads.
The subject was told to signal when she could continue for only 
one more minute. Following the final minute, the subject was allowed 
to cool down by pedalling at a lower resistance. Maximal oxygen 
consumption was calculated by dividing the liters of oxygen consumed 
in the final minute by the body weight of the subject. (See Appendix M)
Comments
Subjects not accustomed to bicycle riding will have a tendency to 
give up because of leg fatigue before maximal values are reached.
Many subjects in this study seemed unable to elicit maximal values 
even though their heart rates seemed to be maximal. Since only two 
subjects could be considered highly fit (C.F. and A.T.) it could be 
assumed that a large percentage of the remaining subjects were unable 
to reach maximum values not only because of leg fatigue but also 
because, unaccustomed to training, they did not know how far they 
could push their bodies past the point of fatigue. Verbal encouragement 
was used constantly when subjects seemed to be reaching a point where 
they thought they could not continue.
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Chapter III 
PHASE I: ANALYSIS AND DISCUSSION OF RESULTS
The first section of this chapter deals with a statistical analysis 
of predictive and direct testing. This is followed by a discussion of 
the effects of several factors on the accuracy of prediction and the 
development of a correction factor applied to the Fitness Calculator.
ANALYSIS OF DATA
Predictive Tests
Step Test. These results are reported in Table I. The test 
scores for trial one ranged from 30 to 75 with a mean of L8.57 ml/kg/min, 
for trial two the range was 30 to 77 with a mean of U9.79 ml/kg/min.
The best of the two scores ranged from 30 to 77 with a mean of 50.96 
ml/kg/min. Ten subjects scored highest on trial one, thirteen on trial 
two. The largest decrease from trial one to trial two was 12 for subject
D.L. The greatest increase was 16 for subject A.T. Both subjects were 
in the high fitness group.
The subjects were initially divided into three groups according to 
their trial one scoresj High (50 and above). Middle (UO to U9), and Low 
(39 and below). The division allowed a closer look at maximal fitness 
scores and their relationship to the predicted values.
12
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Table 1 
Step Tests and 1.5 Mile Run
- VO9 ml/kfi/niin 1.5 Mile Run
Subject
frlal1 Trial2 BestTrial CorrectedScore Time VOpml/kg/min
C.F. 75 77 77 67 9:09 57B.M. 75 75 75 65 11:30 U6D.L. 70 58 70 60 10:U5 U9
L.H. 66 70 70 60 11:25 U7S.G. 57 66 66 56 11:U2 U5K.M. 57 57 57 51 10:57 U7J.B. 56 5U 56 51 11:03 U8D.D. 5U 59 59 53 10:50 U8A.T. 52 68 68 58 10:25 51
M.H. 51 51 51 U7 13:36 37
MEAN 61.3 63.5 6U.9 56.8 11:1U U7.5
N.R. U9 51 51 U6 11:57 UU
C.Z. U8 53 53 U7 1U:23 33L.H. U7 L9 U9 U5 12:02 UUK.B. U6 U5 U6 UU 12:15 U2C.M. U6 Ll U6 UU 1U:23 3UB.F. U6 U9 h9 U5 13:33 37P.O. U6 U5 h6 UU 11:35 U6I.L. U5 U5 U5 U3 12:08 U3L.M. U2 51 51 U6 12:13 U3P.W. UO 37 UO 39 13:09 38
MEAN U5.5 U6.6 U7.6 UU.3 13:06 UO.U
P.J. 39 U3 U3 U1 13:36 37J.D. 39 35 39 38 13:38 37P.W. 37 36 37 37 1U:05 3UN.B. 37 35 37 37 10:59 U8S.S. 37 ho UO 39 12 :50 39D. C. 37 ho UO 39 1U:26 33R.D. 36 3h 36 36 15:U0 28M.N. 30 30 30 30 15:U0 28
MEAN 36.5 36.6 37.7 37.1 1U:26 35.5
MEAN(n-28) U8.5 U9.7 50 .9 U6.7 12:52 UI .5
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1,$ Mile Run. These results are reported in Table I* The test 
scores ranged from 28 to $7 with a mean of Ll.53 ml/kg/min.
Direct Test
Bicycle Ergometer Maximal Oxyî en Consumption Test. The results of 
this test are presented in Table 2, The test scores ranged from 27*19 
to 50.68 ml/kg/min with a mean of 39.12 ml/kg/min. Maximal heart rates 
recorded during the final minute ranged from 160 to 220 beats per minute 
with a mean of 192,3 beats per minute.
Statistical Analysis
In order to evaluate the fitness test the following statistical 
techniques were used; correlation coefficient (r), coefficient of 
determination (r^), standard error of the estimate (Syx), regression 
equation (y = a + bx), and mean difference. (See Table 3)
Step Test vs Bicycle Ergometer. The correlation of (r=.50) was 
significant beyond the .01 level of confidence with an r^ of .25. The 
standard error was 5.75. There was a mean difference of 11.8U ml/kg/min.
Step Test vs 1.5 Mile Run. The correlation of (r=.75) was 
significant beyond the .01 level of confidence with an r^ of .56. The 
standard error was L.80. There was a mean difference of 9.L3 ml/kg/min.
1.5 Mile Run vs Bicycle Ergometer. The correlation of (r=.50) was 
significant beyond the .01 level of confidence with an r^ of .25* The 
standard error was 5*78. There was a mean difference of 2.L ml/kg/min.
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Table 2 
Bicycle Ergometer Test
Subject Maximal Heart Rate
V02
1/min
VO2
ml/kg/min
total Time 
on Ergometer
C.F. 180 3.03 50.88 114:00
D.M. 210 2.06 32.72 11:00
D.L. 210 2.65 U7.20 11:00
L.H. 176 2.16 39.76 10:00
S.C. 196 3.09 L8.55 12:00
K.M. 210 2.88 UU.5I4 12 :00J.B. 18U 2.10 35.19 10:00
D.D. 180 2.33 38.33 11:00A.T. 220 3.L0 U8.89 lU :00
M.H. 160 2.00 33.39 7:00
MEAN 192.6 2.57 U1.95 11:12
N.R. 192 2.22 39.72 10:00
C.Z. 172 2.03 L5.3L 7:00
L.H. 16U 2.19 3I4.35 10:00K.B, 19it 2.33 L0.68 10:00C.M. 192 1.75 3L.15 8:00
B.F. I8ii 2.99 L8.91 12 ;00
P.O. 192 2.19 38.2U 11:00
I.L, 200 2.68 U3.35 10:00L.M. 200 2.00 36.98 9:00
P.W. 196 2.28 ho.61 9:00
ĴEAN 188.6 2.27 10.23 9:36
P.J. 18L 1.88 29.12 8:00
J.D. 210 1.90 27.19 11:00
P.W. 200 2.58 39.90 11:00
N.B. 210 2.23 U2.30 11:30
S.S. 180 1.85 32.05 8:00B.C. 176 2.39 I4O.75 9:00R.D. 220 1.79 30.65 7:30M.N, 192 1.96 31.53 8:00
MEAN 196.9 2.07 3U.19 9:15
MEAN (n=2&) 192.3 2.32 39.12 10:07
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Table 3 
Statistical Analysis
3CD
8
X vs Y N X Ï X Diff. r r2 Sy*x Regression Equation
(O' Best Step3"
i
vs Maximal Test 28 50.9 39.1 11,8 .50 .25 5.75 y • .26 X + 25.9
<3CD Corrected Step
"nc vs Maximal Test 26 16.7 39.1 7.6 .h9 .21 5.81 y “ ,3U X + 22.9
3"ÇD , 1.5 Mile Run
CD■D
O
vs Maximal Test 28 L1.5 39.1 2,h .50 .25 5.78 y ■ .U6 X + 20.0
Q.C
a Best Stepo3
■o vs 1.5 Mile Run 28 50.9 kl.5 9.h .75 .56 Ii.80 y = .L2 X + 20.1
o3"
CJ Corrected Step
CDQ. vs 1*5 Mile Run 28 16.7 hi .5 5.2 .77 .59 h.66 y ■ .59 X + Ih.O
1—H3"O
■o
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DISCUSSION OF RESULTS
Step Test
The predictive test scores indicated the possibility that the 
Fitness Calculator was overpredicting. The overprediction was 
especially obvious in the high fitness subjects. The step test uses the 
relationship between heart rate and oxygen consumption during submaximal 
work and extrapolates to the predicted maximal heart rate to estimate 
oxygen consumption (3). Astrand reported a standard error for well 
trained subjects of ten percent, for less well trained fifteen percent (1) 
Of the twenty-eight subjects only two could be considered well trained 
(C.F. and A.T.). There is the possibility that the low and middle 
group step scores are more accurate because their post-exercise pulse 
was higher than the scores of the high group. This makes the lower 
scores less subject to gross error in predicting maximal oxygen 
consumption.
Also when the step test was originally adapted for women, the 
population used to develop the regression equation relating exercise to 
post-exercise rates included a range of age and fitness levels (l)•
The subjects in Phase I seemed to include a large number of high fitness 
females. The original regression equation did not take into account 
the fast recovery time of the high fit subjects. This resulted in a 
decrease in the accuracy of prediction.
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1.^ Mile Run
The 1.5 mile run scores interpreted from the Sharkey graph for 
Phase I proved highly related to the step test (r*,75). Cooper found 
a correlation coefficient of (r*.90) when comparing a predicted fitness 
level from a twelve minute run with a fitness level determined by a 
run on the treadmill (?)•
Bicycle Ergometer Test
The maximal test was inadequate for a large percentage of the 
subjects. Although in many cases a near maximal heart rate was probably 
reached, a maximal oxygen consumption was unobtainable. Subjects 
complained of leg fatigue before they felt they had attained a maximal 
value. The difference in mechanical efficiency among individuals in 
cycling may amount to six percent, accounting for some of the lower 
scores (3)« The low correlations could indicate that other variables 
such as leg length or leg strength may have accounted for the variability 
in the scores. A follow-up study considering some of the above variables 
would seem worthwhile.
Subjects
The subjects were very cooperative and interested in the research. 
Only two of the subjects could be considered highly trained; (C.F*, a 
National Whitewater Kayaking Champion) and (A.T,, and Olympic Competitor 
in Flatwater Kayaking) • The rest of the subjects led sedentary to
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moderately active lifestyles. Most subjects in the middle and low 
fitness groups seemed unfamiliar with and unable to put forth a maximal 
effort on the bicycle ergometer.
Corrected Step Test
After careful examination of the data, it was obvious that the 
Fitness Calculator was overpredicting maximal oxygen consumption.
In an attempt to improve the accuracy of prediction the regression 
line for the step test and bicycle scores was plotted and a correction 
was applied to scores 37 ml/kg/min and above to adjust the scores 
toward the line of identity.
Application of the correction factor resulted in a decreased 
correlation (from r*.$0 to .U9), increased standard error (from S.7$ to 
$.81), and a decreased mean difference (from 11.8 to 7*6).
When compared to the 1,$ mile run the corrected step scores resulted 
in an increased correlation (from r*.75 to .77), decreased standard error 
(from U.80 to U*66), and decreased mean difference (from 9.U to $.2).
(See Table 3)
These results indicated the need to seek another method for testing 
maximal os^gen consumption.
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Chapter IV 
PHASE II
This chapter deals with the administration of a submaximal step 
test, bicycle ergometer, and treadmill maximal oxygen consumption test 
to ten women. The equipment and procedures for the step test and 
bicycle ergometer maximal oxygen consumption test were the same as in 
Phase I.
Subjects
The subjects were ten female physical education majors from the 
University of Montana. Prior to the testing they were informed of the 
purpose of the study. Informed consent was obtained from each subject. 
Subjects ranged in age from l8 to 2$ years with a mean of 21.0.
Height ranged from 1U9.8 to 177.8 cm with a mean of 166.U. Weight 
range for the maximal test was from 50.9 to 67.3 kg with a mean of 
59.8. (See Appendix D)
TREADMILL MAXIMAL OXYGEN CONSUMPTION TEST
The equipment for this test included; a Technology Incorporated 
Model 1000 - Oxygen Consumption Computer, a motor driven treadmill, 
mouthpiece, airhose, noseplug, and stopwatch.
20
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Procedure
Subjects were informed of the purpose and procedures for the test. 
After being fitted with the mouthpiece, noseplug, and airhose, the 
subjects were allowed to warm-up at a constant speed of 3*U mph for 
three minutes. Maximal oxygen consumption values were elicited by 
maintaining a constant speed of 3.U mph and increasing the grade 2.5 
percent e v e r y  three minutes.
Maximal oxygen consumption was measured during the last minute of 
each three minute exercise period and carotid pulse was taken during the 
last fifteen seconds of the last minute.
When the subject felt she could only continue one more minute, 
the final measurements were taken. Following the last measurement the 
grade was returned to level and the subject was allowed to cool down 
at the same pace as the test.
Comments
Subjects seemed very comfortable and relaxed during the treadmill 
maximal test as opposed to the bicycle maximal test. Few subjects 
complained of leg fatigue during the test and a majority felt they were 
able to achieve maximal values. Verbal encouragement was used constantly 
when subjects seemed to be reaching a point where they felt they could 
no longer continue.
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Chapter V 
PHASE II: ANALYSIS OF DATA
This chapter deals with a brief discussion and statistical rnalysis 
of predictive and direct testing.
Predictive Test
Step Test. These results are reported in Table U* The step test 
scores for trial one ranged from 37 to 60 with a mean of 1:7.8 ml/kg/min. 
For trial two the range was hi to 58 with a rean of U8.9 ml/kg/min.
The mean of the best step test (51.1) was 3»79 ml/kg/min higher than 
the bicycle ergometer mean of (h7.3l) and 2,9 ml/kg/min higher than 
the treadmill test mean of (h8.2). Three subjects scored highest on 
the first trial, five on the second. The largest decrease from trial 
one to trial two was 10 for subject L.R. The greatest increase was 11 
for subject C.S,
Corrected Step Test. The corrected step test scores ranged from 
ho to 53 with a mean of U7»0 ml/kg/min. The mean of U7»0 compared 
favorably with bicycle ergometer (1*7»3l) a difference of only 
.31 ml/kg/min and the treadmill mean of (1*8.2) a difference of only 
1.2 ml/kg/min.
22
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Table 1*
Step Tests, Bicycle, and Treadmill Tests
Subject
Step1 Test - VOo ml/kg/min VO2 ml/kg/min
Trial
1
Trial
2
Best
Score
Corrected
Score
Bicycle Treadmill
C.F. 60 52 60 53 53.10 57.23
J.R. S8 58 58 53 53.53 60.20
J.B. 51 514 I49 56.72 55.86
L.R. hh 514 h9 LL.L5 I42.75
S.L. 146 51 51 I46 51.65 56.86L.J. U5 itU U5 U3 38.26 36.67G.M. hh U9 U9 U5 U2.28 U6.53
C.S. 53 53 I46 59.66 57.36
S.P. 38 U6 U6 hh 3I4.73 U0.20
N.R. 37 Itl I4I ho 38.70 26.3U
MEAN U7.8 U6.9 51.1 U7.0 I47.3I I48.2
Direct Test
Bicycle Ergometer Maximal Oxygen Consumption Test. These results
are reported in Appendix E. The test scores ranged from 3U.73 to 59.66 
with a mean of lt7.31 ml/kg/min. The mean (U7.31) compared favorably 
with the treadmill test mean (L8.2) a difference of only .89 ml/kg/min. 
The highest score achieved was 59.66, which is .5U ml/kg/min lower than 
the highest score on the treadmill test (60.20).
Treadmill Maximal Oxygen Consumption Test. These results are 
reported in Appendix E, The test scores ranged from 26.3U to 60.20 
with a mean of li8.2 ml/kg/min. Five subjects scored higher on the 
treadmill test vs the bicycle ergometer test.
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Statistical Analysis
The following statistical techniques were used; correlation 
coefficient (r), standard error of the estimate (Syx), regression 
equation (y = a + bx), and mean difference. (See Table $)
Step Test vs Bicycle Ergometer. The correlation of (r=.?6) was 
significant at the .02$ level of confidence. The standard error was 
$.98 ml/kg/min. There was a mean difference of 3.8 ml/kg/min.
Step Test vs Treadmill. The correlation of (r*.8$) was significant 
at the .00$ level of confidence. The standard error was 6.$3. There was 
a mean difference of 2.9 ml/kg/min.
Treadmill vs Bicycle Ergometer. The correlation of (r*.86) was 
significant at the .00$ level of confidence. The standard error was 
li,73* There was a mean difference of .9 ml/kg/min.
DISCUSSION
The correlation of (r=.86) for the treadmill vs bicycle ergometer was 
significant at the .00$ level indicating that the maximal tests were 
highly related. In countries where the bicycle is a common mode of 
transportation (Scandinavia) bicycle ergometer maximal values might be 
expected to be higher than those elicited by the treadmill. In the 
United States, the treadmill test scores should predominate. The results 
of Phase II (n*10) did not show a predominance of either test.
Application of the correction factor to the step test and bicycle
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Table 5 
Statistical Analysis
o
3CD
8
X vs Y N X Y X Diff. r S yx Regression Equation
Best Step(Q-
9
vs Treadmill 10 51.1 L8.2 2.9 .85 6.53 y * 1.6U X -  35.6
3CD Corrected Step
"nc vs Treadmill 10 1&7.0 18.2 -1.2 .81 7.15 y “  2.22 X -  56.1
3"CD Treadmill
CD"D
O
vs Bicycle 10 18.2 U7.3 .9 .86 h.73 y « .65 X + 16
Q.C
a Best Step
o3
■o
vs Bicycle 10 51.1 17.3 3.8 .76 5.98 y ■ 1.11 r  -  9 .h
o3"
CJ Corrected Step
CDQ. vs Bicycle 10 l4?.0 17.3 -0 .3 .71 6.13 y  *  1.L8 X -  22.3
1—H3"O
■o
26
maximal test relationship decreased the correlation (from r=.?6 to .71), 
increased the standard error (from 5*98 to 6.li3), and decreased the mean 
difference (from 3,8 to -0.3). (See Table 5)
V/hen compared to the treadmill maximal test, the corrected step scores 
resulted in a decreased correlation (from r=.8$ to .81), increased the 
standard error (from 6.53 to 7.1$), and decreased the mean difference 
(from 2,9 to -1.2), (See Table $)
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Chapter VI 
SUMMARY AND CONCLUSIONS: PHASE I AND II
This first section of this chapter deals with a comparison of Phase I 
and II. This is followed by a summary and conclusion.
Related Studies
Phase I. The bicycle mean compared favorably with those reported 
in the literature. The mean of 39.12 ml/kg/min was higher than those 
reported by MacNab (1U)> 3S.6? for P.E. Majors; and Humphrey (12)
3U»55 ml/kg/min, and lower than Astrand (1) 39.90 for active but 
untrained subjects, L8.L0 for highly trained, and Michael (19) 1:0.3 
ml/kg/min.
Marley (17) reported a mean of 35.8 for college women on the
step test which was considerably lower than both the best step mean of
50.9 and the corrected step mean of 1:6.7 ml/kg/min.
Phase II. The bicycle mean compared favorably with those in the
literature and was considerably higher than the mean elicited in Phase I. 
The mean of U7.3 ml/kg/min compared quite favorably with the mean 
found by Astrand (1) with highly trained subjects (U8.U0) yet the 
subjects in this study could not be considered highly trained.
The treadmill mean compared favorably with those in the literature. 
The mean of U8.2 was higher than scores reported by; MacNab (lU)
39.06, Michael (19), Ll.6, Higgs (11) Ul.32, Maksud (l5) lA.O, and Davis 
(8) U0.3 ml/kg/min.
27
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Comments
Phase I and Phase II. The bicycle ergometer maximal test did not 
compare well with either the best step (r=.SO) or corrected step (r-.L?), 
The 1.5 mile run maximal test compared quite favorably with the best step 
(r=.?5) and corrected step (r=.77). Of the twenty-eight subjects, 
eighteen elicited higher maximal oxygen consumption values in the 1.5 
mile run. This could be expected in the United States due to the present 
popularity of running/walking over bicycle riding. Because of 
unfamiliarity, the bicycle ergometer proved to be a poor criterion to 
compare the step test to.
In Phase II both maximal tests compared favorably with the best step 
and corrected step scores shown in Table 5. Of the ten subjects all 
could be considered active but not highly trained. Yet five of the ten 
subjects had higher scores on the bicycle ergometer test than two 
subjects in Phase I that could be considered very highly trained (C.F. 
and A.T,). In Phase I the High group (n=10) mean for the corrected 
step was 56.8, 9.8 ml/kg/min higher than Phase II yet their bicycle 
ergometer mean was 5 «36 ml/kg/min lower. (See Appendix B and C)
The subjects in Phase II were not more familiar with the bicycle 
ergometer than those in Phase I. One possibility for this discrepancy 
is subtle equipment malfunction during Phase I. However, the fact that 
the correlation of step test to bicycle test was significant (Phase I) 
does not support that line of reasoning.
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SUmARY AND CONCLUSIONS
The results of Phase I indicated the need for a correction of the 
Fitness Calculator. After the correction, the step test vs bicycle 
correlation decreased (from .$0 to *U9), the standard error of the 
estimate increased (from to $.81), and the mean difference decreased
(from 11.8 to It appears that the correction based on Phase X
was overdone, probably because of a lack of maximal tests on the 
bicycle ergometer. So ten new subjects were tested in Phase II to 
evaluate the validity of the correction.
The results of Phase II for the treadmill vs bicycle maximal tests 
(.86) indicates that the maximal tests are highly related. This 
relationship would also indicate that one could not expect a correlation 
for the maximal vs predictive tests greater than .86.
Phase II yielded much higher validity coefficients, (.76) step vs 
bicycle and (.8$) step vs treadmill, but the corrected step test gives 
lower correlations, higher standard error of the estimate, and lower 
mean differences. These results are attributed to the fact that before 
the correction all the errors between the step test and bicycle ergometer 
test were positive or above the line of identity. After the correction 
was made some of the errors now were below the line of identity which 
helps the mean differences but hurts the correlation and standard error 
of the estimate. The correction factor applied to the step test was 
found to be a valid indicator of fitness based on a submaximal test.
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CONCLUSIONS
1. The 1.5 mile run and corrected step test are valid predictors of 
fitness.
2. The Fitness Calculator overpredicted scores above 37 ml/kg/min.
3. The correction factor applied to the Fitness Calculator reduced the 
difference between means but needs further analysis to assure validity 
of prediction over a wider range of scores.
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EPILOG
In the fall of 197U, following two successful seasons of use 
in region 5 (California), the Forest Service decided to implement 
a nationwide fitness testing program for wildland fire fighters. The 
rationale behind the test was discussed with the U.S. Civil Service 
Commission and received its endorsement. Following the 197$ fire 
season comments from the field were analyzed to determine the 
effectiveness of the program. Training programs and educational 
materials were devised to help workers meet required standards.
Further laboratory studies of the step test were designed to 
insure test accuracy. This project, conducted in the fall and winter 
of 1975-76, represents one phase of that laboratory testing program.
As a direct consequence of this and other studies, adjustments were 
made in the scoring procedure.
Following the 1976 fire season, the Forest Service fitness testing 
and training programs were nominated for the U.S. Department of Agriculture 
Honor Award. The award, presented in the Spring of 1976 reads:
For exceptional performance in developing and 
implementing a unique physical fitness program with 
far reaching benefits for the Forest Service and 
other government agencies.
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STATISTICAL FORMULAS
MEAN
Y 3=  ^ X
N
PEARSON PRODUCT MOMENT CORRELATION
r = NfX'Y - ((X)((Y)
NfxZ _ ((X)2 NfyZ - ((Y)2
STANDARD ERROR OF THF. ESTIMATE
“/ î n è ^  - ((ï)2 -
REGRESSION OF Y ON X
a. regression equation
Y = bx + a
b. slope
b » N(^XY) - (fX)(*Y)
N(X2 - (^X)2
c. y intercept 
a = Ÿ - bX
DIFFERENCE HF.T/ŒEN MEANS
SD„ = /  si + s| - 2(r)(S_3 (Ŝ )
V ^
X - Y
X  j /  X ,  X ,  x |  X j j ,
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APPENDIX A 
Physical Characteristics
Subject Age Height (cm) Weight (kg)
C.F. 23 167.6U 59.55D.M. 19 167.6U 62.95
D.L. 18 157.U8 56.lU
L.H. 21 167.00 5U.32
S.C. 2U 159.39 63.6U
K.M. 18 167.00 6U.66
J.B. 21 166.37 59.66
D.D. 22 163.83 62.61
A.T. 18 172.72 69.55
M.H. 19 161.93 59.89
MEAN 20.3 165.10 61.30
N.R. 21 158.12 55.91
C.Z. 20 15I4.9I4 UU.77
L.H. 20 168.91 63.75
K.B. 19 160.02 57.27
C.M. 20 160.02 51.25
B.F. 19 165.10 61.13
P.C. 19 165.10 57.27
I.L. 21 163.83 61.82
L.M. 22 163.83 5U.09
P.W. 20 166.37 56.IL
MEAN 20.1 160.62 56.3k
P.J. 23 172.72 6k.55
J.D. 20 171.Ü5 69.89
P.W. 20 161.29 6k.66
N.B. 21 160.66 52.72
S.S. 18 158.73 57.73
D.C. 20 16U.U7 58.6k
R.D. 21 163.83 58. kl
M.N. 20 163.83 62.15
MEAN 20.U 16k.62 61.09
MEAN (n-28) 20.3 163.37 59.k7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Uo
CP
%
I<«!
n&I
O
•Hn
e
o•H
(0•H
1o-Pto
o
rH
â
UA
T)
s
Ü
g
5
As
I
lA«
f5
CO
VÛm
0\
=3
fA o\ CMAI rH
Q _=r OsrA <A
S XA
m rH
\o
r—<A
XA
0\oXA
1% IX IX 03
cu a)rH A A CMIÆ  CJ o ^  0  O ^  0 aM  O rH TJ O iH I I -«H k I *fH C-i I IXw o e O  Ü
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX C
Best Step, Bicycle Ergometer, and 1.$ Mile Run
U1
Subject Step Bicycle 1.5 Mile Run
C.F. 77 50.88 57D.M. 75 32.72 1*6D.L. 70 1*7.20 1*9L.H. 70 39.76 1*7S.C. 66 1*6.55 1*5K.M. 57 1*U.5U 1*7
J *B* 56 35.19 1*8
D.Ü. 59 38.33 1*8
A.T. 60 U8.89 51
M.H. 51 33.39 37
N.R. 51 39.72 1*1*
C.Z. 53 1*5.31*# 33
L.H. U9 31*. 35 1*1*
K.B. U6 1*0.680 1*2
C.M. U6 3U.15 31*
B.F. li9 L8.91* 37
P.O. U6 38.21* 1*6
I.L. h$ L3.35* 1*3
L.H. 51 36.98 1*3
P.W. 1*0 1*0.61«- 38
P » J. 1*3 29.12 37
J.D. 39 27.19 37
P.W. 37 39.90*+ 31*
N.B. 37 1*2.30'-+ 1*8
S.S. 37 32.05 39
D.C. 1*0 1*0.75-:̂ + 33
R.D. 36 30.65# 28
K.N. 30 31.53*+ 28
* » within of predicted 
@ “ within of predicted 
^ « within 20% of predicted
%+ = 
(6+ = 
@+ »
greater than predicted 
10,̂ greater than predicted 
\S% greater than predicted
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APPENDIX D
Phase II; Physical Characteristics of Subjects
Subject Age Height (cm) Weight (kg)
C.F. 25 165.10 67.27J.R. 22 162.56 57.70J.B. 22 167.6U 55.50
L.R. 20 175.26 66.60
S.L. 22 165.10 51.82
L.J. 18 170.18 62.73
G.M. 21 167.6U 63.18
O.S. 20 llj9.86 50.91
S.P. 16 177.80 60. U5
N.R. 22 162.56 62.27
BAN 21.0 166. ii? 59.814
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APFEiroiX E 
Treadmill and Bicycle Ergometer Test
Subject Bicycleml/kg/min
VO2
1/min
Treadmill
ml/kg/min
VO2
l/min
C.F. 53.10 3.50 57.23 3.85
J.R . 53.53 3.09 60.20 3.U8J.B. 56,72 3.30 55,86 3.10
L.R. UI1.Û5 2.99 U2.75 2.85S.L. 51.65 2.70 58.86 3.05
L .J . 38.26 2 .I4O 36.67 2.30
G.M. U2.28 2.71 U6.53 2.9L
c .s . 59.66 3.01 57.36 2.92
S.P. 3U.73 2.10 U0.20 2.L3
N.R. 38.70 2.Ill 26.3L 1.6b
MEAN U7.31 2.82 U8.20 2.86
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a p p e n d i x F
Step Test vs Bicycle uu
75*
70.
6o-
55-
n - 28
T  “ 50.9
Y ■= 39.1 r = ,50 
Sy.x “ 5.75
y “ ,26 X + 25.9
••
30.
40 45 50 j;
Bicycle Ergometer (ml/kg/min)
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APPENDIX G h$
Corrected Step vs Bicycle
75-
70.
65.
#
tî<u6-
A,
® 50.
COI
o
34 X  + 22.9
30
40 45 50 5=
Bicycle Ergometer (ml/kg/min)
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a p p e n d i x h
1,5 Mile Run vs Bicycle
U6
75-
70.
60 «
§05
0)fH*rl2: n= 28 
X = 41.5 
Ï - 39.1
Sy.x » 5,78
46 X + 20.0
35
30.
40 45 50 3'
Bicycle Ergometer (ml/kg/min)
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APPENDIX I
U7
75
J •
+»w<D
p.
+>CO 2Ü
1  = 50.9 Y = 41.5 
r = .75 Sy.x = 4,80
42 X + 20.1
4b
1.5 Mile Run
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7̂ -
70
60 «
55
04 50 •o+)
t  '•51Q>y
tid
35
3D
APPENDIX J 
Corrected Step vs I.5 Mile Run
« •
/'
li8
/
)5 IE" 45
X
Y
r
Sy.x
y
28
46.7
41.5.774.66
.59 X + 14.0
Eo (̂5
1,5 Nile Run
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APPENDIX K
1 . 5  M I L E  F I T N E S S  T E S T
80- 
75 
70 
65 —
ALTITUDE*
<5000’ — NO ADJUSTMENT 
5000’ SUBTRACT 30 SEC. 
6000' SUBTRACT 40 SEC. 
7000’ SUBTRACT 50 SEC. 
8000’ SUBTRACT 60 SEC.
Leve
cc 50
a
12 11 
TIME (Min.)
8
Rest after a light warm-up. Then run 1.5 miles over a level, measured course. Pacing and high 
motivation are essential for best performances. Use time for the run to predict fitness (aerobic 
capacity) and work capacity.
If you have been inactive, preceed the test with a six week training program (walk-jog-run). Those 
over 35 years of age should have a medical examination including an exercise electrocardiogram.
* FOR TEST ABOVE 5000 — TAKE TIME FOR TEST (E.G. 12:30) AND SUBTRACT 30 SEC. =  12:00. FIND FITNESS SCORE (E.G. 43).
(FROM BALKE, 1963; COOPER, 1970; DANIELS. 1972; SHARKEY. 1975)
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so
Subject
Time
Ph
APPENDIX L
Age
Bar Pres 
1st Ex
Ht. in/cm
  Rel Hum
1st Smk
/
  Sex __
Wt, lb/kg ___ /
Date
last Fd 1st Drk
Rm Temp 
Hrs Sip
Step I - Pst Pis /
1.$ Mile Run - Time __
Step II - Date _______
Bar Pres ____  Rel Hum
Hrs Sip ____  1st Ex _
Pst Pis Score
Score
Level
ml/kg/min Group (H-M-L) __ 
Score ______ ml/kg/min
Time Wt. lb/kg ___ /
1st Fd 1st Drk
1st Smk
OC C — Date
Bar Pres _
Hrs Sip
Time
ml/kg/min 
Wt. lb/kg /
_ Rel Hum 
1st Ex
1st Fd 1st Drk
1st Smk
WORKLOAD EX HR L/MIN
1.0 - 360
1.5 - 510
2.0 -  720
2.5 - 900
3.0 -  1080
3.5 -  1260
ii.O - iLLo
Calculations; Wt lbs 
Ht in
X 2.2 =
X  2.5U "
kg
cm
Rm Temp
Rm Temp
TIKE IN MIN
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CD■DOQ.
CSQ.
■DCD
C/)C/)
CD
8
CD
3.3"
CD
CD■DOQ.CaO3"OO
CDQ.
■DCD
C/)C/)
directions
I  — Have subject rest a lew minutes belore the test (do not take test after exercise, meals, colfee. 
Cigarettes).
2~ Start the Metronome (90 beats per minule).
3 — Have subject step up onto bench and back to floor keeping time with the metronome beat.
If subject can't Ireep up with the beat because of poor condition, stop and retake after several 
weeks of conditioning. Change the lead leg it it becomes tired. Stop the test it the subject 
shows obvious physical distress or cannot keep pace with the timer.
4 — After five minutes of exercise, stop metronome and have sutjject sit down.
5 —  Count subject's pulse (at wrist or throat) for exactly 15 seconds, 
starting exactly 15 seconds after the step test exercise.
Use post exercise pulse count and body weight on 
®  calculator below to determine fitness score.
equipment needed
Sturdy bench:
15^4 inches high tor men; 
13 inches high for women.
Metronome or other 
audible signaling 
device such as a ta jx  
recording, set tor 90 beats 
per minute.
Scale accurate to 
+ 2 pounds.
Chairs.
*•4
Thermometer.
Quiet room 65-75' F.
Forms for recording 
age. pulse rate, etc.
* U s. eoyCRNMENT PRINTING OFFICE : H77 0 - 2 * * - * Z 7
vn
CD■DOQ.
CgQ.
■DCD
C/)C/)
8
3.3"
CD
CD■DOQ.CaO3"OO
CDQ.
■DCD
C/)C/)
ou
%
Q.
:I
45 - 33
44 — 33
4 3 - 34
4 2 - 35
41 — 36
4 0 - 37
3 9 - 38
3 8 - I 39
3 7 - 40
3 6 - 41
3 5 - 42
34 — 43
3 3 - 45
3 2 - 46
3 1 - 47
3 0 - 48
2 9 - SO
2 8 - 52
2 7 - | 54
2 6 - 56
2 5 - 58
2 4 - 60
2 3 - 61
22 - 63
21 - 65
2 0 - 67
Women
iI
®
Body
How to use the calculator
1 Enter body weight.
2 Locate post exercise pulse count in column.
3  Opposite pulse count, find fitness score.
4  Turn card over and enter fitness score.
5  F'"d age-adjusted score opposite nearest age.
B  With adjusted fitness score, find your physical 
fitness rating.
Fitness
I
iÜ
%
sX
2
45 -
44 - 30
43 - 31
42 - 32
41 - 33
40 - 34
39 - 35
38 - 36
37 - 37
36 - 38
35 - 39
34 - 40
33 - 41
32 - 42
31 - 43
30 - 44
29 - 45
28 - 47
27 - 49
26 - 51
25 -
24 -
23 -
150
:  ®
Body
Weight
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vnro
